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Outline

»»Sequence alignment algorithms
¢ Rigorous Optimality:Needleman-Wunsch
and Smith-Waterman

e Rapid, heuristic algorithms
* BLAST
« FASTA
+ and their relatives

»»Databases and Search Tools




What do you want to do?

»See if it is already in a database?
a»Find similar sequences?
2~ |dentify homologous sequences?

»»Consider functional assignments and
other annotation?

»»Find primers in sequence?
»Find a short peptide?

UTILITY

2» Relationships in evolution
Identification of genes

= Assignment of possible functionality
for genes or residues

»» Possible structural understanding
2 Aid in sequence assembly

¢




What are you Comparing

» Homologue

Sequences that share a common ancestor;
may have similar function

»» Paralogue

Similar sequence within species, may have
similar function

2 Orthologue

Same sequence separated by a speciation
event, probably same function

ANALOG

Non-homologue proteins that have
similar folding architecture, or similar
functional sites, which are believed to
have arisen through convergent
evolution







The Word —Size Parameter

A word is any short sequence less than or
equal to six letter

o Protein 1-2

¢ Nucleotide 1-6

High word Size
o Faster

e Less Sensitive
e More Selective

Evolution and Alignment

Evolutionary concepts enable the
determination of similarity and
homology

a»Similarity is an observable quantity,
such as %.identity

»»Homology is a conclusion drawn from
the data that two genes share a
common evolutionary history.




Evolution and Alignments (2)

2»(Genes are either homologous or not
homologous.
»»There is no degree of homology

»You can't tell what the ancestral
sequence is simply because you have
two or more homologues.

So, what IS an Alignment?

Evolution and Alignments (3)

2> Alignments reflect the PROBABLE
evolutionary history of two sequences

»»Residues that align and are not
identical represent substitutions

»»3Sequences without correspondence is
aligned sequences are interpreted as
indels and in an alignment are gaps.




Evolution and Alignment

2~ Certain regions are more conserved than
others, based on structure/function

2~ Certain regions may be conserved simply
by history, not function

2 This is true especially for closely related
species.

Structure and Alignment

> |f two proteins have more than 20-30% ID
aligned, then the 3-D structures tend to be
similar

= Qverall folds are the same, details differ

2~ Form often follows function (Beware the
BUT).

»» S0, sequence alignment is sometimes a 3-D
alignment.







Needleman Wunsch Algorithm

»»Global alignment:: every residue of the
two sequences has to participate

»»Guaranteed to calculate an Optimal
similarity score

»»Begin at the beginning of each
sequence and go to the end.

»»Cannot detect domains

Smith-Waterman Algorithm

»»QOptimal Local Alignment

»»Guaranteed to find all significant
matches to a given query

»»Takes the query sequence versus
every sequence in the database

2»Can be used with arbitrary scoring
systems

»COMPUTATIONALLY EXPENSIVE!!!
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Nucleotide Uncertainties
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Code Meaning (Base)

A adenosine (A)

C cytidine (C)

G guanine (G)

T thymidine (T)

U uridine (U)

R purine (G or A)

Y pyrimidine (T or C)
K keto (G or T)

- gap(s) (none)

Code Meaning (Base)

M amino (A or C)
S strong (G or C)
W weak (A orT)

B notA(GorTorC)

D notCGorAorT)

H notG (AorCorT)

V notT (GorCorA)

N any base (AorGor CorT)

Protein Scoring Matrices

»»Chemical similarity: 210 pairs of aa

:»Nearness in Genetic Code

»»Chemical similarity, e.g.,

hydrophobicity

»»Observed Substitution Schemes

11



AA Substitution Matrices

Rationale:

Certain amino acid substitutions
commonly occur in related proteins
(sometimes from different species).
These provide the basis for amino acid
substitution matrices, essentially a
symbol comparison table.

More on Matrices

2» A substitution matrix specifies a set of
scores s; for replacing amino acid | by
amino acid |.

»PAM: Percent Accepted Mutations

»BLOSUM Blocks Amino Acid
Substitution Matrices

12
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PAM

»»|.og Odds scores are used

2»The score of each pair s(a,b) is
defined as the log of the likelihood
ratio of the transition probability M,
(Mutation) versus the probability of a
random occurrence of the amino acid
b in the second sequence.

s(a,b)=log M,,/P,,

PAM: Point Accepted Mutation

» DAYHOFF et al.

»» Observed residue replacement in related
proteins

»» GLOBAL alignment, closely related
»» A model of molecular evolution
1 PAM = average change in 1% of all amino
acid possibilities(1% divergence)

2» Other PAM matrices extrapolated from
PAM1.
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Table 2: The PAM250 matrix - an example of 2 matrix derived from observed

substitutions

evolve at different rates

»TIME is NOT correlated with PAM
evolutionary distance

»»Number of the matrix refers to
Means different families of proteins

PAM continued
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BLOSUM

2» Block Substitution Matrix

2» Henikoff and Henikoff, PNAS, 1992

»» Number following indicates per cent identity
within set, BLOSUMG62=62% id

= Finds short, highly similar sequences (no
gaps)

BLOSUM

»»Matrices are directly calculated, based
on observed alignments

2»Greater numbers are lesser distances

#»Usually best for local similarity
searches

2» BLOSUM62= DEFAULT FOR BLAST.
If a distant relative, think about another
matrix.
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BLOSUM SCORING RULES

a»/Zero score means the frequencies of
the pair in the database is that
expected by chance

= A positive score means more frequent
than chance

»Negative score means the pair is
found less frequently than chance.

Blosum62

“«—T @ ®m m o Q ¢

ACDEE‘GH—Q

4 0 -2 -1 -2 0 -2 \
0 9 -3 -4 -2 -3 -3
2 -3 6 2 -3 -1 -1
-1 -4 2 5 -3 -2

-2 -2 -3 -3 6 -3
0 -3 -1 -2 -3
-2 -3
BLOSUM 62 ‘
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BLOSUM80 BLOSUMG62 BLOSUM45

PAM1 PAM120 PAM250
< >
less divergent more divergent

B LAST'Basic Local Alignment Sequence Tool

»»QObjective: find all local regions of
similarity distinguishable from random

»»0Only local alignments permitted,
»Gaps permitted in version 2

2 Statistically sound (Karlin and
Altschul), but no guantee of optimality
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BLAST: Three Step
Algorithm
2»Compile a list of high scoring words of

length w (w=4 for proteins, 12 for nucleic
acids)

#» Scan for word hits of score greater than
threshold, T

= Extend word hit in both directions to find High
Scoring Pairs with scores greater than S

Other BLAST Programs

» BLASTN: nucleic acid query to NA database
» BLASTP: Protein query to Protein database

» BLASTX: Translated nucleic acid query to
Protein database

» TBLASTN: Protein query against (translated)
nucleic acid database

» TBLASTX: Translated nucleic acid against
translated nucleic acid database

19



OTHER BLAST
VARIATIONS

b

bl

PSI-BLAST- Position Specific Iterated

BLAST-use gapped BLAST, generate a
Profile from multiple iterations used instead
of the input and Distance Matrix

MEGABLAST specifically designed to

efficiently find long alignments between very
similar sequences; the best tool to use to
find the identical match to your query
sequence.

Limitations to BLAST

»»Needs islands of strong homology
2~Limits on the combination of scoring

and penalty values

»»The variants (blastx, tblastn, tblastx)

use 6-frame translation-miss
sequences with frameshifts)

»»Finds and reports ONLY local

alignments

20
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Your request has been successfully submitted and put Into the Blast Queue,
Query = (3027 |etters)

Your search was limited by an Entrez query: >(none)

The request ID is |1052165600-U1386-2?393

(Format! Jus

The results are estimated to be ready in 21 minutes but may be done sooner.

Please press "FORMAT!" when you wish to check your results, You may change the formatting options for your re
via the form below and press "FORMAT!" again, You may also request results of a different search by entering an
other valid request ID to see other recent jobs,

Q . C I : O % @ @ v

s 4 =
Back F Stop Refiesh Home Search Faworites Media History Mail Print

Discuss

Address [ 2] hitp: v ncbi rim, nlyaoviblast/Blast ogi =l EdGo  Links >

i‘

% NCBI results of BLAST

BLASTN 2.2.6 [Apr-09-2003]

Reference:

Altschul, Stephen F., Thowas L. Madden, ilejandro A. Schéffer,

Jinghui Zhany, Zheny Zhang, Webb Miller, and David J. Lipmen {1997},
"Gapped BLAST and PSI-BLAST: a new generation of protein database search
programs”, Nucleic Acids Res. 25:3389-3402.

RID: 1052261999-028139-8384
Query= gi| 16933541 ref|NN 002026.1| Hono sapiens fibronectin 1

(FN1), transcript variant 1, wRNA
(8027 letters)

Database: All GenBank+EMBL+DDBJ+PDB sequences (but no EST, STS,
G55, or phass 0, 1 or 2z HTGS sequences)
1,747,911 sequences: §,529,560,197 total letters

If vyou have any problems or guestions with the results of this search
please refer to the BLAST FAQs

Taxonomy reports

Distribution of 286 Blast Hits on the Queary Sequence

‘Mnuse—nverm show defline and scores. Click to show alignments

Color Key For Alignkent Scores
40-50 2 I

#5tan| & @ [ > & NSF Winbtation | 2] Spendletay .. | 5] Inbox - Micros. . | 54 evalustionsun..| 52 PGA diectors 1. |[ & 4 Intemet ...+ 5 NCBI Sequenc. | |« &8, 7.07PH
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Fle Edt View Favoles Taok Help 2

Q . C ] £ [

[l 7 15 / - -
Back Stop Refresh Hame: Search Fanvorites Media History Mail Prirt Edit Discuss

Achess ] it smaenctirin JQ gov/blastBlast co ] EGo | ks »
e E|
=

Distribution of 286 Blast Hits on the Query Sequence

|Mouse-over to show defiine and scores. Click to shaw alignments
Color Key for Alignnent Scorcs
& [ 1 ! ! ! ! ! ! 1
0 1K 2K 3K 4K 5K 6K 7K 8K
Score 4

Astt| & @ E @ NSFWinstaion | [] Sperietegt.. | D] Inben - Micos. | 5 evaltion sum..| 54 PG decor v |25 4 Intemet ..+ [ NCBI Sequerc. | <c iy 708PM

fINM_002026.11 Homo sapiens fibionectin 1 (FN1], net Explorer p
Fie Edt View Favoiles Tools Help w
= > %] E] [ >~ Bl @ € i = G b i
Back Stop Fefresh Hame Seach  Favoiies  Media History Mal Frint Edit Discust
Accress [ 2] hitp:/ e nobi.rim.nib gov/blast/Blast ogi Bl Go | Lnks >
=
Score E
Sequences producing Slgnlf).\:fmt aligmments: (hits) Value
gi|16933541|ref|NM 002026.1| Homo sapiens fibronectin 1 (FN... 1.591e+04
g1[31396|emb|X02761. 1| HEFIB1 Human mRNA for fibronectin (FN. 1.517e+04
4121733353 |emb | ALS32771. 1| HSMS04082 Homo Sapiens mRNA: cDN. 1.014=+04
91021732747 |erb | AL832202.1|HSME03505 Homo sapiens mRNA; cDN. i.014e+04
1| 27227742 | exb | WI535086. 1 H 086 Homo sapiens wRNE for ... 3943 O
§1]11493493 |gh| AF130095.1| AF130095 Howo sapiens clone FLCOS... 3003
gi|16877226|gh|BCO16875.1 Homo sapiens, clone IMAGE:388655. 2870
g1|1682696|gqh| H10905. 1| HUNFNC Humen cellular fibronectin wRNL 2904
gi| 16933543 |ref |NM 054034.1| Homo sapiens fibronectin 1 (FM... 2730
H1|S506702 |ref|NM 019143.1 Rattus norvegicus Fibronectin 1... 2718
gi|56163|emb|X15506.1| RNFIERCN Rat mRNA for fibronectin 2718
§1|28479105| ref| XM 1295845.3| Mus musculus fibronectin 1 (Fn... 2668
gi|26105748 (dbj| AKOS0135.1 Mus musculus 5 months female bo... 2652
o3[ 13543398 | gb| BCOD .1|BCoo Homo sapiens, clons MGC: 2627
gi|26105744 |dbj|AKOS0130.1 Mus musculus 5 months female bo. 2565

©31|1124966| exb | X93167. 1| MMFIEL M.musculus mBNA for fibronectin 2440
§i|4096861 | gh|U42594. 1| BS42554 Human fibronectin (FN1) mEN... 2371

91| 12053816| erb | AJ276385. 1| BIAZ76385  Home sapiens mRNA for ... 2286
§1[4096845|gh| 142404, 1| HEU42404 Humwan fibronectin (FN1) mRM... 2234
©1]4204942 | ¢fh | UEO067. 1| HSUEOO67 Human fibronectin wRNA, par... 2228
g1[4026851|gb| 142457, 1| BSU42457 Human fibromectin (FN1) wRH. 1820
g1[259835173 |gh|BCO51082.1 Mus musculus, Similar to Fibrone. 1750

©i|10439658 | dbi|4K026737.1| Howo sapiens cDMA: FLJZ23084 fis... 1733

@1|21753154(db)| AKOS2153.1| Homo sapiens cDNA FLJ36534 fis,... 1731
14204544 oh | USDO6S. 1| BSUE0068  Human fibronectin mENA, alt.

©114096859| gb|U42593. 1| BSU42593 Human fibronectin (FN1) wRN... 1612

ooobooDooocoOoOOODOGCOOCOODOOoOO
DooocoOoDoOO0DOCOOOO0OOOOGQOOO




File Edit View Favortes Tools Help

5 1] =] f %S < 7 = .
Back Stop Fefresh Home Seach.  Favoites  Media Histary Mai Pt Edit Discuss
Addiess [ 2] hitp: e nchi nim i gov/blast/Blast cg 26105748 | B 6o

Links »

I >g1]26105748) b | AKO30135.1 Mus musculus 5 monchs fewale bone marrov stroms cell CRL-20Z8 SR-4957
CDNA, RIREN full-length enriched library,
©lone:G431004D19 product:fibronectin 1, full insert
sequence
Length = 8315

Score = 2652 bits (1338), Expect = 0.0
Identities = 2544/2944 (86%), Gaps = 4/2944 (0%)
Scrand = Plus / Plus

Query: 1110 troacs 1169
(R R R e R R R R R RN R RN R AR R RR RN
ggatcrggotoctt o s

tgatgt

Shjcr: 1036 1095

Query: 1170 gootcoroootatgyooactyiglCaCagacaytugtytgtotactetytgugyatgsa 1229
(R R R R R R RN R RN R R RN R RN
Shict: 1096 GUCCgoTCCCTaACyyCCaACtJigtCatCHaACaygytytgytotactotytgygantyea 1155

Query: 1230 graaaty 1289
L o e e R e e R R R A N AR AN AR R A AR
Shict: 1156 eaaat 1215
Query: 1280 gacttar gt 1349
L e B R R e e R R R R R A AR R R AR AR R
Shict: 1216 gaccoa gt 1275
Query: 1350 crraccattoac gargrt 1409
L o o R A R R R N AR R R RN R RO
ghict: 1276 coctoocgttcacctacaacugtaggacctt 1335

Query: 1410 rrggtyCad trtotg 1469
L R A B A R A R A A A W

‘ ¢ 3 & 2 A I & o
Back Relad Home Seach Hecape Pinl  Secuiy  Shop

b Bookraks. AL Locatin [t/ rhinkn rih gov/entee]viewet fegi?val=1 6330541 hcb-Nucleotidtdopt-Gerfank @ wha's Related
tembers [3 Webbal [ Comnections [B Bialoursl B Smattpdste ) Mitplace B Evoluion Home B Raisig Duncan B D04 -FionaldRe. (B Fhysical Thaiap [ M.
o ¢ X% : .
> NCBI 90 @  :Nuceotide [
X

Search [Wucctite ] for ‘ G_U‘ Clear ‘

Limits Previewindes History Clipboard Details

Display | [defautt _vjsmw-w | Sendta | |File = Get Subsaquence ‘

I 1: NML_002026. Homo sapiens fibr.. [gr16933541] Links

LOCTS FNL 8027 bp R linear PRI 03-APR-2003
DEFINITION Homo sapiens fibromectin 1 (FN1), transeript variant 1, mRHA.
ACCEZSION NN 002026
VERSION NN 002026.1  GI:16933541
KEYWORDS
SOURCE Homo sapiens (human)
ORGANISM Homo sapiens
Eukaryota; Metazoa; Chordata; Craniata; Vertebrata; Euteleostomi;
Mammalia; Eutheria; Primates; Catarrhini; Hominidae; Homo.
REFERENCE 1 (bases 1 to 8027)
AUTHORS ~ Remeshwar,P., Ob,H.S., Yook,C., Gascon,P. and Chang,¥.T.
TITLE Substance p-fibronectin-cytokine interactions in myeloproliferative
disorders with bone marrow fibrosis
JOURNAL  Acta Haematol. 109 (1), 1-10 (2003
MEDLINE 22372683
FUEMED 12486316
REMARE GeneRIF: REVIEW: Substance p-fibronectin-cytokine interactions in
myeloproliferstive disorders with bone marrow fibrosis.
REFERENCE 2 (bases 1 to 80Z7)
AUTHORS ~ Ariei,W., Brown,J., Willisms,M., Harris,K.P., Walls,J. and
Rromaki 110,11,
& == Document: Done i
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4 2 A B . W oS & B B E
Back Reload  Home  Seach Netscape  Prnt  Secuily  Shop
Y Bookmarks L Location [hitp://wssnchirin nib gov/enirez/viewer foaitval=1 8333541 bdbNucleotdetl Bt | @ whats Felated
i Members [ WebMal (B Comections (3] Blound B smatUpdates & Mkdphce B} Evoliton Home [ Risisig Duncan [B] DCA - Rorddfie B Pysicdl Therap 5 e
Transcript Variant: This variant [1] lacks sn exon containing the &
EDIT (extra domain II) region. It encodes s 2355 am isoform of the
protein.
COMPLETENESS: Wjull length
FEATURES Location/Qualifiers
source 1..8027
Jorganiswe="Homo sapiens"
/1ol type="mRNA"
Job_xref="taxon:9606"
Jehromosome="2"
/wap="2g3e"”
gene
FNL"
synonyms: FN, CIG, FINC, LET3"
/db_xref="LocusID:2335"
Jdb_xref="HIN:135600" T
[} 268..7335
/gene="FHL"
/note="isoform 1 is encoded by transcript variant 1;
eold-inzoluble globulin®
/eodon starc=1
Jproduet="fibronectin 1 isoform 1 preproprotein®
/protein_id="NP 002017.1"
Jdb_xref="GI:16033542"
Jd_xref="LocusID:2335"
Jdb_xref="HIN:135600"
/translation="NLRGPGPGLLLLAVOCLGTAYPSTGASKSKROAQOIVOPQIPVA
VSQIKPGCYINGKHTQINQOWERTYLGN ALY CTC¥GGIRGFNCESKPEREETCFDEYT
GNTYRVGDTYERPKDSNIVDCTC IGAGRGRISCT LANRCHEGGOS YKIGDTURRFHET
GGYHLECYCLGNGKGENTCKPIRERCFDHAAGTS TVVGE THEKP YQGTMIVDC TCLGE
G3GRITCTSRNRCHDQDTRTS TRIGHTUSERDNRGHLLOC ICTGNGRGENKCERHTSY
OTT3SGSGRT TDVRALVTQPQPHPQPPP Y GHCVTDE GV TSVGNQULKTQGNEQHLCT
CLGNGVSCQE TAVTQTYGGSNGEPCYLPF TYNGRTF VSCTTEGRADGHLUCS TTSHT
EQDORYSFCTDHTVLYQTRGGHSNGALCHF PFL THNHN T TDCTSEGRRINNENCGTTR ~|
& == Dacument Done
L ¥ 3 4 . W & B § E
Back Reload  Home  Seach  Netscape  Prnt Secuity  Shop

6" Bookmarks L Location [ itp: s nobiim i gov/aniiez/viswer fogiPval=1 633354 db=Nucleotidst dopt=G enBank

~| @17 what's Related

Members 3 Webhal B Connestions (5 Biloumal [B] Smantpdate 3] Miiplace (3} Evoluion Home |8 RakingDuncan B DA -RonadRe |3 Physical Theisp (B M.

wisc featur

misc featur

misc featur

misc featur

misc featur

mise featur

mize featur

mize featur

misc featur

wisc featur

e

e
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£

£

£

&

&

e

e

with fibrin-, heparin-, s.aursus-binding activity”
1189..1299

/gene="FH1"

/nEtE="[Eglun of internsl homology I (1 subunit); domain
with collagen-binding activity"

1300..1674
/gene="FH1"
/note="region of internsl homology IT (2 subunits) domain
with collagen-binding activity"”
1675..2091
/gene="FH1"
/note="region of internal homology I (3 swbunits) domain
with collagen-binding activity"
2092..2367

FN1"

region of internal homology III (1 subunit)"

6240

FN1"

region of internal homology III (14 subunits)"
2694..3522

FN1"
/note="domain with DHA-binding activity"
406344064

FH1"
alternatively spliced exon: EDII region; see
decession M18175.17

4837. 4848

Jyene="FN1"

/note="cell binding site”

5156..5427

FH1"

alternatively spliced exon: EDI region"

6240
FH1"

S|
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Back Reload Home Seaich  Netscape Print Securty Shop

‘f'Buukmarks J‘ Location !htlp Huminay. richi.nm. rik. gov/entrez Mviewer fogiPwal=1 6333541 fdb=Nuclectidet dopt=GenBank _V_| @'Whal's Related
@ Members @ webhal [H Connections [ BiaJoumal @ Smartl Jpdate @ Mktplace @ Evolution: Home: @ Raising Dunican [ pra-Ronaid Re @ Physical Therap @ M
BASE COUNT 2130 & 2111 1973 g 1813 © =
ORIGIN
1 acgooogoge cggelUtgel gURCAGYUOY agUagaguga RCCCCRUUCY CUAgcgygas

£1 gaggggacct goagocadea cttoctotggh cotchgoabc cohbbcbgboo chtoocaccogh
121 coccticoce accoctotdic coccacctitc bbggaggoga CRAcCCoCogy gaggoatiag
181 mmgggabtit toccgoaghit gogaagggaa goamacthgg tggoaactig cotoooggtg
241 cgggoghobe tocooocacog totoaacabg chbagggghbc cggggocogy gobgotgotg
301 croggocgior AgTOUctody gacagegiLy COCLCCAcHY UAagocLogas gagrasgady
361 caggorcagy Asatgytioa gooCCAgton CCOOLOORLY CCAQLEaSAY caagoeogon
421 rgrratgacs atgUasaaca CTAUCAJALA GALCAacagt JgUugagoggac ctacctagoe
481 aatgogrtgy CLTUUACTLY LTALUYAYOR AgCCOagytit CLaactyoda gagiasacct
541 gaagorgasy AgACTTUeLt LOACAAgtac actyiyasca CLLACCUAYT gUUtgacact
601 tatgagogre CUARagactc CATUATCTOY JRcTULAcCT JUatCOUugs COggCoacdges
661 agaataagot JUACCATCUC ARACCUCTOC CALUAagUyy gUCAgLCCTa CAAUAtTUgT
721 gacacctggs ggagaccaca tgagactygt gottacatgt tagagtytgt gtgtcttggt
781 aatggassay gagaatggac ctgoaagocc atagotgaga agtgttttga teatgetget
841 gggacttoot ALYLUULCgY AgRsacytgd Jagaagocch acCaaggoty gatgatggta
901 gattghactt gootyyyaga Agycagogga COCALCACth gUAachiotag asatagatge
961 aacyatcagy AcacAAgyac atcotataga attggagaca cotggagoss gaaggataat
1021 cgaggasacc LOULocagty catclgoacs JUCRacygoc gaguagagly gaagigtgag
1081 aggcacacct chtgtgoagac cacatocgage ggabchbggeo cobbcaccga tgttogtgoa
1141 getgtbtacc saccgoagoc toacoooocag CoLoohocoh abggocacty tgtoacagac
1201 agtggtgtgy totactotgt ggggatgoag tggobgaaga cacasggasa Laagoasaty
1261 ctttgoacgt goctgggoas cggaghcage tgocamgaga cagotghaac coagactiac
1321 ggtggoaact casatggaga goocatghbghc bhtaccabbca cobacaatgy caggacghto
1381 tactoctges coacdgaady godacadggar gUacatCttt gotgoageac aacttogaat
1441 tatgagoady accagasata CTOTLLODOE ACAgatCaca CLOLLLLOYD toagactogsa
1501 ggaggasatt coaatggioge CTTUUUocas CLOCCOLLor CAtaCaacas coacaattac E
1561 acrgattgos CLLOTOadOy Ccadaadqadar aacatgaagt gQUtotoooac Cacacagaac
1621 tatgatgocy accagaadtt CUUUTTCtOE CoOCatguoty CoCacgagya aatctgcaca
1661 accaatgaad JUUTCACUta COUCAttOga gatcagtddy ataagoagca TUacatgggt
1741 cacatgatga gUtgcacdty CUTTOUUaat QUtCUtUUuy aatguacaty Cattgoctac
1601 togoagottc gagatcagtg cattgttgat gacatcactt acaatgtgasa cgacacatto
16861 cacaagocghbc atgaagadyy goacatgoty aactgtacat gottoggtoa gUutoguuuc

Document. Done ke

What happens with changes?

2»\Word size
s»Substitution Matrix
»»Expected Value

s»Using protein or translated sequence
rather than nucleotide
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31 Blast »
Edit  View aVDrIESDS Help
O . N B &l L ¥ @ © |2 &2 =B L B

Stop Riefresh Home Seach  Favoites  Media History Mail Fiint Discuss  Messenger

‘a C:ADocuments and SettingshG SPEMNGLE \Desktop\Course pages\Plant NCBI overheads\MCE resouces\BELASTANCEI Blast.mht

-8

[_[8

Options for advanced blasting

mit by entrez
’7 ar select frnm:|(nnne) j

query

Composition-
based [
statistics

Choose filter ™ Low complexity [ Mask for lookup table only I Mask lower case

Expect [10
Wword Size ’E‘

Matriz |BLOSUMEEj Gap Costs ‘Existen:e'ﬂ Extension 1j

El
PS5M
|
ote |
advanced

PHI pattern |

The Word—-Size Parameter

A word is any short sequence less than or
equal to

e Protein 1-2

e Nucleotide 1-12

Higher word Size
o Faster

e Less Sensitive
e More Selective
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Expected Value

a»Number of hits with a score better than
“S” expected by chance in a DB of a
given size

=»Default value of threshold is 10.

a»For a short sequence, increase the E
value (say to 1000)

BLAST RULES OF THUMB

»»For short amino acid sequences (20-
40), 50% identity happens by chance

|f A and B are homologous, and B and
C are homologous, then A and C are,
even if you can'’t see it.

»You can get similarity in the absence
of homology for low complexity,
transmembrane and coiled-coil
regions. These have to be eliminated
by you, but you MAY want them.
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TAKE-HOMES

»»se an up-to-date database; repeat
often

»»Choose a fast algorithm
»»Use the most recent version

»\Work at the protein level--for a small
amount of evolutionary change, DNA
sequence contains less information
about homology

»»Respect your own intuition

BLAST Significance

»|f you change scoring systems, you can
still compare search results if you
normalize the score.

S’=(lambdaS-InK)/In2. Lambda and K
are associated with the scoring system.
S’, with a given E, is significant if it is
greater than log N/E, N the size of the
search space.
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FASTA: FAST Alignment

a»http://alpha10.bioch.virginia.edu/fasta/
a»http://www?2.ebi.ac.uk/fasta3
s»http://workbench.sdsc.edu

»»Rapid Global alignment

»Not a strong mathematical basis

FASTA Algorithm

@ ®)
— Sequence B —+ — Sequence B —s
I \ NS l \ N
N\ AN
N N\
I BN NN 0NN
g ¢
HER \ IR \
% H{IR
~
l . \\ 1 \\
\ \ \ \ N \
Find runs of identities. Re-score using PAM matrix
Keep top scoring segments,
(©) (d)
— Sequence B —» -~ Sequence B —s
AN )
i \ :
Hos N
Apply ‘joining threshold' to Use dynamic programming
eliminate segments that are to optimise the alignment in
unlikely to be part of the a narrow band that encompasses
alignment that includes highest the top scoring elements.

scoring segment.
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LALIGN

»Essentially a FASTA derivative for
local alignments

»»Compares two proteins to identify
regions of similarity

2\Will report several sequence
alignments within a given sequence

2»\Works for internal repeats that are
missed by FASTA because of gaps.

SITEs for LALIGN

2> http://fasta.bioch.virginia.edu/fasta/lalign.htm

a»http://xylian.igh.cnrs.fr/bin/lalign-
guess.cqi

ahttp://biowb.sdsc.edu (registration
necessary but painless)

2 PALIGN
http://fasta.bioch.virginia.edu/fasta/palign.htm

(plots a graph of the areas of alignment)
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Gene Ontologies GO

A gene ontology is a controlled vocabulary
used to describe the biology of a gene
product in any organism, designed to allow
both attribution and querying at different
levels of granularity , facilitating queries
across participating databases.

A step toward unifying biological databases
but not sufficient.

http://www.geneontlogy.org

Components of GO

A gene product is a physical thing (protein,
RNA, can have small molecules associated
to make a gene product group.

Attributes of Gene Products

2» Molecular Function-what something does

>~ Biological process-a biological objective,
like growth or pyrimidine metabolism

s Cellular Component-part of a cell, ER,
nucleus etc.
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Ontology Representations

2> A network, a directed acyclic graph
(DAG), in which terms have multiple
parents and multiple relationships to
parents.

»»Relationships connecting terms
include is-a, part-of,

Yeast, Fly, Mouse, Arabidopsis, Worm,

EVIDENCE CODES

IC Inferred by Curator

IDA Inferred by Direct Assay

IEA Inferred by Electronic Annotation
IEP Inferred from expression patter
IGI Inferred from genetic interaction
IMP Inferred from mutant phenotype
IPI Inferred from physical interaction
ISS Inferred from sequence or structure similarity
NAS Non-traceable author statement
ND No biological data available

TAS Traceable author statement

NR Not recorded

LA A T B S B AR




Evidence relationships

TAS/IDA

IMP/IGI/IPI

ISS/IEP
NAS
IEA

Not a rigid hierarchy.

louse Genome Informal

osoft Internet Explo

Fie Edt Yiew Favoites Took  Help

2 =
x A

- v L= 7
Back Farward Stop Refresh Here: Search

ional Science Foundation

Favaiites Media Histary Mail Print Edit Diseuss

Addiess |£] hitp: /v informatics jat org/

B

Links ** 1

MG

Mouse Genome Informa

Mouse Genome Informatics (MGI) provides integrated access to data on the genetics, genomics, and biology of the laboratory

mouse.

Flease take the time to respond to our survey and help us improve MG| resources. We want to hear from youl

Search Categories
All Search Tools

Genes and Markers

Alleles and Phenotypes

Strains and Polymorphisms

Gene Expression

Mammalian Orthology and Comparative Maps
WMouse Maps and Mapping Data

Mouse Tumor Biology

Probes and Clones

References

MYocabulary Browsers

MouseBLAST
Search mouse, human, rat, and other sequence data

Additional Resources
Nomenclature, Lee Silver's Mouse Geneties, E-mall lists, downloads,

Data Submission
Instructions and tools for submitting your data

Help
User support, tutorials, FAQ,

About MGI
MGD, GXD, MGS, MTB, GO

What's New

MG news and announcements

Search for e
Enter tetrn(s) or part of a term, use * as a wildcard

in these sections
All sections =

Search
A Reset
Gene Expression =l

[4dvanced search for.. »
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r) Gene Ontology Browser

- Term Detail
GO term: ‘blood coagulation factor ¥II
GOid, GO.0003502
Drefindtion: Catalysis of the selective cleavage of one Arg-Tle bond in factor X to form factor Xa.

Mol Home  Help Number of paths 1o teom: 3

D denotes an 'is-a' relationship
Search for @ @ denotes & 'part-of' Telationship

—

Chene_Onmlogy
in these sections Pmolecular_funetion
11 sections = (Tdefanselimmunity prowin
:C":;mhfn': /nemen (Dblood cosgylation fartor
Fhenotypes [=] (Dhlood oo plarion fasor 1
Gene Expression = @hlood coagulation factor V11 [3Q:0003802] (¥ grues, 4
Ohlond cosgnlation faons X
s [ o 2 Dblgod cosgulation fazor XI
Search Categories (4 tosiy Dblood cosgulation fasior X1
SenssiMakcers Dplasma kallikrein,

Blleles/Phenstypes

trains/Polymephisme Dprotein C (activated)

Dprotein-glhwarnine Famme:

euze Tumet Bislegy Dihrombin
rabesiClones -
eferences
Wocabular Brovsers Gene_Oninlogy
Gene Ontology ($0) [ —
Anatomical Dictionar; MoEWaT THNETOn
Fhenotype Cl icatit T i ity protein
MouseBLAST Dpomplement activity
Additional Resources pat BICS convertase
@hlnod sosgulation fastor V11 [GO-0003A02] 7 grine, S
e e ces Delassical path 3ICS convenase

gacns (Deomplement component C1x
Send questions and Deomplement component s
comments to Lser Support complement facior b 13
- '{'hek @gomplement factor 1
ackson
[aboratory Deomplement factor 1
last database update
Chene_Onmlozy
el 2.8 Pmolecular_fonetion
Tenzyme
(Dhydrolase
(pepidase
(Dgerine-type peptidase
Gene Ontology Browser
Term Detail
GO term: hlood coagulation factor VIL
GO id: G0:0003802
) efinition Catalysis of the selective cleavage of one Arg-Tle hond in factor X to form
factor Xa.
Mumber of paths to 3
fterm:

D denotes an 'is-a' relationship
U denotes a ‘part-of relationship

Gene_Ontology

®molecular finction

Odefense/immunity protein

Thlood coagulation factor
Thlood coagulation facter VIT [GON0003802] (7 genas, J
annotations)

Gene_ Otnitelogy

Cmolecular_function

Mdefenselmunity protein

(Mcomplement activity
@blood coagulation factor VIT [GO0003802] 4 geres, |
arnatations) 1

Gene_Ontology
@Emolecular finction
Denryme
Thydrolase
Tpeptidase
germe-type peptidase
Mzerne-type endopeptidase
Thlood coagulation factor VII [GO0003802] (1 geres, | annotations)
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Gene_Ontology

molecular_function

enzyme

] defense/immunity protein ’

hydrolase

peptidase

blood coagulation factorl 1 complement activity ’ 1 serine-type peptidase ‘

1 serine-type endopeptidase ‘

blood coagurétion factor VII t

AmiGO from BDGP

MGI GO Browser

QuickGO at EBI

EP GO Browser

GoPFish

GenHav

GeneOntolog W@ RZPD

ProToGO

CGAP GO Browser

GO Browsers

» With AmiCid, yon can search for a GO term and view all gene products annotated 1o it, or search for a gene
product and view all its associations. Tow can also browse the ontologies o view welatonships betwreen tenms
a2 well a3 the number of gene prodnets annotted 10 & given k. AmiGO accesses the GO my2QL datahase
izee below); the brovweser and documentation are svailahle from http s, godatabase . orgldewi

» With the MG GO Browser, ¥ou can search for a GO teom and view all movse genes annotated 10 the teom
or any subtermns. ¥ou cen also browse the ontologies 1o view relationships between termns, eom definitons, a3
well a2 the number of monse genes annotated 1 a given wnmn and itz subterms. The MGI GO biowszer direcdy
acceszes the GO in the MG database where mouse gene annotations, are updated nightly. The wersion of the
30 used is obtained nightly from the GO fip site

* WWith QuickGO, & GO browser integrated into [ntecPro at the EBI, y0u cen search for & GO term 10 see its
relationzhips and definiton, az well a2 any available mappings w SWISE-PROT keywords, 10 the Enzyme
Classification or Transport Classification databases, or 1o IntexPro entres. Use documentation is available
from the mannal and the FAQ,

# The EP G0 browser iz built into EBI's Expression Profiler, a set of tools for clustering , sualysis and
wizualization of gene expreszion and other genormic data, With it, you can sesrch for GO enns and identdfy
gene associatons for a node, with or without associated subnodes, for the organism of your choice

# The JoFish program, available as a Java applet, allows the nser to construet arbitrary Boolean queries vaing
30 atdbutes, and orders gene product: according o the extent they satisfy such queries. GoFish alzo
estimates, for each gene product, the probability that they satisfy the Boolean query. Deweloped by the Roth
lah at Harvard

* Cenllay is a GO hrowser developed at HLIM. It searches GO terms and annotated gene products, and
provides a graphical display of & teom's positon in the GO DAG.

» ith the GeneCntologw@EZPD ool at the Resonrce Center/Primary Databasze (RZPDY in Germany, 700 can
search for GO identifisrs associated with UniGens Clusterlds, Genes (Mame! #3mbol) and Clones provided by
the REPD. You can also search for UniCene Clusters, Genes and Clones srmotated with & certain GO
identifier or a combination of GO identdfiers. 2o far, GO armotations for human and monse gengsiclones are
linked.

# ProToG0, developed at the Hebrew University in Jerusalem, searches the GOAREBI and Compugen
annotation datasets. The output is & graphical view of the relevant sub-graph of GO, confaining those SO
termns aszigned 10 the query prowins. Documerntation iz provided.

# With the G0 hrowser at the The Clancer Genome Anatomy Project, wou can browse through the GO
wocabularies, and find homen and monse genes assigned o each term. The help documentation is at:

DAG-Edit

This Java application provides an interface 1o browse, query and edit GO or any other vocabulary that has a
DAG data smucmize. The most eureent verzion of DAG-Edit can be dowiloaded from the publicly accezsible

DAG-Edit source repository at SonrceForge. Help documentation to use the program can also be dowmnloaded from this
site (. pdf or . html formats) or is avaliable heve:
httpatwrww geneontologv.orgidocidagedit sers it, hutmnl
GO Database
G0 Database AP documentation, schema diagrams and full descriptions of all tables for the mySQL database developed and

mmatntained by BDGE, hp v, godatabase . org/desidatabase)
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GO Database

GO Database

APT documentation, schema disgrams and full descriptions of all tables for the mw30L database dewveloped and
maintained by BDGP, hitpo!wrwrwr. godatabase. orgtdevidatabasel

GO Term Finder

GO Term Mapper

Manatee

Pub3earch

SOURCE

MAPPFinder

FatiGO

Onto-Express

GenesZDiseases

Other GO Tools

» The GO Term Finder at 3GD searches for significant shared GO terms, or parents of the GO termmns, vsed 1o
annotate bodding weast gene products.

» The GO Term Mapper at 25T maps the specific, granvlar GO terms nsed 1o annotate a list of budding weast
gene products o corresponding GO 8lim terms {i.e. more general parent 3O terms; vses the 35D 30 3lim
3et).

» Manatee is a web-hased gene evaluation and genome annotation ool developed at TIGE. Manates can store
and wiew annotation for prokaryotic and evkaryotc genomes. The Manates interface allows biologists 1o
quickly identify genes and make high quality functional assignments, such as GO classifications, nsing search
data, paralogons families, and annotation suggestions generated from automated analysis.

» Pubiearch iz a web-based literature curation tool developed at TAIR and available via SIIOD. It allows
curators 1o search and annotate genes 1o keywrords from articles. It has a simple, myS0L database backend and
uses a set of Java Servlets and J3Ps for querying, modifving , and adding gene , gene-annotation, and literature
information. A dema is available.

» B0OURCE, developed by the Stanford Microarras Databaze (MDY team, compiles information from several
publicly accessible databaszes, incloding TTniGene, ABESET, 3wiss-Prot, Genellap?9, RHAD, GeneCards and
LocusLink. GO terms associated with LocusLink enties appear in 30URCE.

» MAPPFinder iz an accessory program for GenlIAPP. This program allows Users 10 QUery any existing
GenMAPE Expression Dataset Criterion against GO geng associadons and GenlAPP MAPPs (microaray
pathwray profiles). The resulting analysis provides the vser with results that can be viewed directly npon the
Gene Cntology hierarchy and within GenMAPP, by selecting tenms or MAPPs of interest.

» FatiGO iz a web interface for clustering DN A microsrras data and simple datamining vsing GO datamining
conziztz of the azsizrment of the most characteriztic Gene Ontology term 10 a cluster. GO terms are related 1o
Tnigene Human and Mouse Cluster 142 and Sacchamomzrees Genome Database.

» Cnto-Express searches the public databazes and retorns tables that correlate expression profiles with the
cytogenstc gene locations, the biochemical and moleculsr functons, the biological processes, cellular
components and cellular roles of the translated proteins. (Registation required; free for academics.y

» GenescDiseases is a database of candidate genes for mapped inherited humean diseases, developed by the

analwsis of relations between phenotypic feamres and chemical objects, and from chemical objects o protein
function {Gene Cntology) womns, based on the whole MEDLINE and RefSeq databases. Can be used 1o view
all GO terms associated with a particular genetically inherited disease.

S oo sessss £ %3
il s Protein

GO and Links

»Linkout to
SGD
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Quick search: | ek Site Map | Help | Eull sSech | Home RIS

CBLAST  Primsats

RPEL/YJL121C

RPEL BASIC INFORMATION

- Literature

Retrieve Sequences
e e
is T

phate 3-sp

Gers Product | D-ribulose-5-Phosphate S-epimerass
RO chetals ard.

= Protein Info & Structure
[Fotwinte =] view]|

2 hull mutants srs visble but show ne rbuloss-S-phosphats - son Resources
Imerase activity, cannct grow on Doxylulose, and are g%mm e
i v o P Eanchrd e i el =gl
Chrx: coordinates 190790 to 190074 [ OEE Map ] - Functional i )
Coordinates Chromaosomal Coord Alpha Facior Concemraton =] wimw |
Exon 1 - FLF 190790 - 190074
Note: This gene is encoded on the Crick strand,
_mtf&n_lwllel
ElE—Je | BIR-US | Entres Pefieq | Micesvme | Kvoto
Primacy SGDID | S0003657
ADDITIONAL INFORMATION for 228

'._Tm :2(

50 pages Datebuse Cooyright @ 1937-200% The Board of Trusteas of Leland Stanford Junior University.
i 1t e Sara ot tha
B e A e
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7 GenNay [G0: June 2002] - Microsoft Intesnet Explorer provided by National Science Foundation
Fle Edt Vew Favoies Took Help

Qo . B ¢ ] w @ @ 3

L %] 7 W / =
Back F Stop Reeftesh Home Seach  Favoites  Media History al Frint Edit Discss
Adhess | 2] hitp/etbsun.ni i ae[sE000pet/cernay i =] EdBo ks
Term: ]F\bmnamin
What: [Gene/Gene product ~
Field: Automatic |
String matching method: |Automatic j
Species restriction: [nane |

Search GO Clear

Gentvay will be temporarily unavaliable on March 31, 2003
due to maintainance on the database server.
We apologize for any Inconvenience,

Comments? Feedback? Questions?

Contact: Olivier Bodenreider

Copyright and Privacy Notice

Interface version: 1,04

#stan| & © [ > § NF Winttation | 5] Sequence Alg.. | 5] Spengiablay

Inko-Micros.. | &M 296 Mo | &) Saccharomyce. [ 2] GonMav [6... 4 11:43aM

2 GienNav [G0: June 2002] - Microsolt Intemet Exploser provided by National Science Foundation H=|
Fle Edi View Favoites Tools Help o
| A ) o »
Q . € EI f] / y @ 8 { -
Back Stop Refiesh Home Seach  Favoites  Media History Mai Fiirt Edit Discliss
Adhess [i2] hitp://etbeun? nin nih gov: 8000 /perl/genna. o ~| B e Links >

Mapping terms to products
&

Query Term = 'Fibronectin’

approximate matching

Symbol Name Taxon(s)
© FINC_HUMAN Fibronectin precursor 9606
& Fnl fibronectin 1 10020
© Fnl Fibronectin 1 10116
© TtgaS "Integrin, alpha 5 (fibronectin receptor, alpha)” 10116
« Itgas integrin alpha 5 (fibronectin receptor alpha) 10090
© Ttgbt integrin beta 1 (fibronectin receptor beta) 10080

© QIBXNO Fibronectin type 3 and SPRY domain-containing protein 1 9606

Display

Interface version: 1.04
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& £ pi 3o
séarc% and retrieval system

Ent 4

3
Search [PubMed zl\ifes Ga| Clear |

ture

Entrez is a retrieval system for searching several linked databases. It
provides access to

PublMed: The biomecical literature (PubMed)
Hucleatide: sequence database (GenBank)
Protein’ sequence catabase
Structure: three-timensional macromolecular structures
Genome: complete genome assemblies
PopSet population study data sets
G Online Mendelian Inheritance in Man
Taxonamy: organisms in GenBank
Books: BookShelf online books
30 Domains: domains from Entrez Structure
UniSTS: markers and mapping data
SKP! single nucleotide polymarphisms
CDD: conserved domains
Journals: joumnals in Entrez
UniGene: gene-oriented clusters of transcript sequences
PMC: full-text digital archive of life sciences journal literature
He NCEI Weh Site: NCBI Web site search

Fre-computed similarity searches are available for most database records,
which produce a list of related sequences, structure neighbors, as well as
related articles

NCEI's Protein Seguence Information Survey Results

The Entrez search and retrieval system is provided by the Mationsl Center for
Elatechnolooy Informaton. NCBI also builds, maintains, and distributes the
GenBank sequence database

Revised: May 1, 2003

Disclaimer | Write to the Help Deck
FICE] | LW | N

ENTREZ: Linked Databases

http://www.ncbi.nlm.nih.gov/Entrez/

2»Concept of Neighbor-usually BLAST
relationship

»Precomputed=Fast

»»Related sequence, structure
neighbors, related articles

»CUBBY
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EST Data Quality Issues

»» Regions of high and low quality reads
in the same EST
2~ Kinds of error
¢ Clone orientation
e Chimeras
Missing reads
Compression and base calling

Stringent Clustering

»»(0One-pass assembly
»Fewer, shorter consensus sequences

»»| ower coverage of expressed gene
data

s~ ower inclusion rate of expressed
gene forms

2> Algorithms such as
TIGR_ASSEMBLER
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Loose Clustering

»» One-pass assembly

= Large, “sloppy” clusters

= Greater coverage

» Possible inclusion of paralogous genes
= Lower fidelity

2» |[ncludes alternate expressed forms

»» Unigene

Steps in EST Clustering

1. Mask for repeats and vector, leaving
a minimum number of residues of
‘clean” data (100bp for Unigene)

2. Initial cluster based on sequence
identity

3. Generation of consensus

4. Joining of clusters

45



STEPS IN CLUSERING-2

2»Clone joining
o Utilizes the physically shared clone id
between 3’ and 5’ EST fragments from
the same clone

+ Can be a source of error because it relies on
the accuracy of the annotation and uniqueness
of the clone ID, especially when data from
disparate sources

What are we trying to do with
EST Clustering?

»“Match” sequences-either they do or
don’t

»»Look at near-identical matches
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Tools for Matching

2»Smith-Waterman, BLAST, FASTA built
for searching-measure quantitatively
the similarity between any two
distances.

»»But ESTs either match or not, so need
only a near or perfect match.

Adjusting BLAST for ESTs

a»Stringent match set for EST
e E expectation value set to 0
o G cost to open a gap increased
e E cost to extend a gap increased
e Q mismatch penalty increased
o R match reward increased
o W word size set for longer words
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EST DATABASES:Quality
iIssues

»SEQUENCE QUALITY

e calculated error less than 1% (Phred-20)
is the rule

o frameshifts and stops common
¢ Rules are usually observed by exception

e There are lots of exceptions in the public
data

e Many 3’ UTRs

EST Databases: Quality #2

»CLONE QUALITY
e Over-representation
o Tissue specificity
o Developmental stage specificity
e Unprocessed mRNA clones
e Chimeras
o Contamination
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EST Cluster Databases

STACK-at SANBI http://sanbi.ac.za

»T|GR-animals, plants, other
http://www.tigr.org/tdb/tgi.shtml
2~Unigene-NCBI
 Many species, plant, animal, .....
e MRNAs
e predicted mRNAs

UniGGene - Microsoft Inl

Fle Edt View Favoites Took Help ;

~ Unigene ‘ A S )

@ - g,,f \ﬂ 2 (o 7" P ) " = =

Back o Swp  Reftesh  Home | Seach  Favories  Meds  Higtany Mai Fiint Edit Discuss  Messenger

Address (] hitps /A, nobinlm nih gov/entrez fauery fegi7db=unigene ~| Go | Links |

UniGene

Nickot z Soichie

ggarm]UmGene :] fnr‘ Go| Clear
Limits Preuiamindes: History Elipboard Details

UniGene iz an experimental system for automatically partitioning GerBank sequences into a
non-redundant set of gene-orierted clusters. Each UniGene cluster contains sequences
that represent a unique gene, s well a5 related information such as the tissue types in
‘which the gene has been expressed and map location

© % Chordata

st Mammalia
e -', Bos taurus 12,786 entries
* Homo sapiens 108,344 entries
Mus musculus 90,444 entries
Rattus norvegicus 53,263 entries
Sus scrofa 14,390 entries
Aves
Gallugjnallus 5,042 entries
Amphibi
Silurana tropicalis 7,674 entries
Kenopus laevis 19,045 entries
Actinopterygil
Danio rerio 15,707 entries
Onyzias latipes 8,115 entries
Ascidiaces
Ciona intestinalis 13,328 enfries
Arthropoda
Insecta
Anopheles gambiae 3,243 entries.
Drosophila melanogaster 14,701 entries

Mematoda
Chromadores |
» 88 NSF Winstation £] UniGene - Microsal... Microsoft PowerPoint - | Imlnhux—MlcmsDFtDut\nnk 4 RE: Geat Software - Me ] « ) 220PM

disat & O
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UniGene Human Sequences
Collection

Search using text

Atthe top of most UniGene pages vou will see a text field for use in formulating
queries. Guery terms may be ordinary words like "kinase” ar specific identifiers,
such as GenBank accession numbers. In addition, a number of @functions are
provided for specialized purposes

For more information, see our Query Tips

Search by Chromosome

5B 788910111213 14 15 16 17 18 18 20 21 32

3 1=
1= I

Infarmation on map position has been imported from several sources,
including OMIM, the RH Consartiurm Human Transcript Map, and the Whitehead
Institute hurman physical map. Click on a chromosome number (above) to see
a list of UniGene entries for that chromosome. Alternatively, you may use @chr
{numh as a search term

Search by Library

Use the Library Browser to see a list of cDNA libraries that have beenused in
EST projects. Mote that each library has an ID number, which may also be used
within a text query as @libirmue

MLM |MIH | UniGene | Privacy Statement | Disclaimer | NCBI Help

UNIGENE

A LIST OF LISTS

e The cluster and known EST, mRNA
pieces

« Additional annotation-gene name, etc.
¢ Distributed as a subset of dbest

NOT included in the BLAST searchable DB
at NCBI




Caveats on Clusters

:»Not stable

2»Can go to complete cDNAs as
available

Uni%ene

i Cliptivard
nformation for | lomo sapiens see

{ @MLM\MIH\umr:ene\S&Tﬁ}m\D\sc\q\mer\’[‘g"‘f
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Back Foiis Step Refresh  Hame Gesth  Favoites  Medis History Ml Pt Edt isouss |

Adtezs [] bt o ncbinim.rin, qov/UniGene./ddd coi?ACT=ok %3260 RG=HstPooll -myeloma+1 2347038 Pool2-Hew+pooli3ALDESE -HepatictLID=3631 =] B Go |Liks |
<
MWl UniGene

Pubted Protein me: St ure Popset ax
Search [UniGene =] [ EJ M
Lirnits: Freviem/index History Cliphoard Details
| Digital Differential Display (DDD)
Begin DOD for W
D00 is a computational methad for comparing sequence-based
gene representation profiles among individual cONA libraries or
pools of libraries.
MORE )
For the current analysis, the following table describes the pools
that have been defined so far.
Pool Name Lib ID(s) Clustered ESTs
A myelomal 7038 1802
B Hepatic 9631 13617
Start Over
Statistically Significant Differences -

Fie Edt View Favoites Tods Help

2
it

A T Ve % 1 »
Q.0 . K & 6 /J ¢ @ B B U
Back : Sop  Refiesh  Home Seach  Favoles  Meds  Hioy Mal Firt Edt Disouss
| Address [ €] bty i TokaA280R B=HstPocl| -nyeloma 370386 oolz-NenspoolIADES T -Hepaich ID 3531 | EJGo | Links »
Hs. 254105 enolase 1, (alpha) &
0.00000 3 1)
AaB B4
1 Hs.48516 beta-2-microglobulin
0.00007 (B2M)y
Bad

actin, gamma 1 (ACTGL)

A<B B>A
2 162 Hz.74335 heat shock 90kDa protein
000111 0.01190 1, beta (HSPCB)
°
A<B BA
17 4 Hs 275865 ribosomal protein 518
0,00043 0,00020 (RP518)
A3B B<h
15 Hs.413826 immunoglobulin heavy
0.00000 constant gamma 3 (G3m
marker) (1GHG3)
A3B B<h
17 19 Hs.412900 ribosomal protein L10
0.00943 0,00140 (RPLLD)
L]
LB B<d
98 Hs.272499 dehydrogenase/reductase
0.,00720 (SDR family) member 2
] (DHRS2)
beab B>A
12 12 Hs.401448 tumnor protein, o ~
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= 5 - =~ = »
@ 7 1] £ ol 7 @ T 5 )
Back Fi QIDD Refresh Hame Search Favoiites Media History Mail Print Edt Discuss

dcrecs | ] hip:/ .ot i i, qov/UriG ene/chist cgi?ORG=H s CID=48516 | B o | Links >

-
d (M@  UniGene

Pubhied Muclectide Frotein Genome Structure Popset Taxonomy.

Search [UnGens =] | E]M

Limits Freview/index Histary Cliphoard Details
UniGene Cluster Hs, 48516 Homo sapiens

‘ B2M Beta-2-microglobulin
SEE ALSO; Locuslink | OMIM_ | HomoloGene
SELECTED MCODEL ORGANISM PROTEIN SIMILARITIES

organism, protein and percent identity and length of aligned region
H.sapiens:  pdb:3HLA - B Chaln B, Human Class I Histocompatibility Antigen A2.1 (HLA-A2.1 10

Hurnan Leucocyte Antigen) (¢
Mmusculus, pdbiiF7] - B Chain B, Mhe Class T Natural Mutant H-2kbrml Heavy Chain Complexed 68
With Beta-2 Micraglobulin And Ve (¢
R.norvegicus: de‘l‘FRT) - B Chain B, Fc Receptor (Neonatal) Camplexed With Fc (Igg) (FeFCRN ?9
Complex Sk

MAPPING INFORMATION

Chromosome: 15

Genome Yiew: Chromosome 15

OMIM Gene Map: 15021 -g22.2

UniSTS entries;  sts-582300 Genomic Context:  Map View
UniSTS entries: 930

UniSTS entries: 155799 Genomic Context:  Map View
- UniSTS entries:  mp0554 Genomic Context:  Map View J Jv|
i »

LOCUSLINK

(http://www.ncbi.nlm.nih.gov/LocusLink)

2> A useful, searchable compendium of loci
across Caenorhabditis elegans, cow, fruit
fly, human, human immunodeficiency virus
type 1, mouse, rat, and zebrafish.

2 | inked for PubMed, OMIM, RefSeq,
Homologene data, Unigene, and Variation
Data

53



wizw [1 15 OATE ~| Cme of I Losi __S=ve All Loci

AB CDEFOGHI JKLMNOP GRS T UWVWSHXYZ

P
S e e e e e T
T
W Hame sopiens Offinial Ciane Sgrmbinl and Name (HGNCY
AT T wao bt et =
Eoeitoe 1510
o =
S T T
T e e e L e
T
ST

destruction during the development of IDDIVI. This gens is also 2 candidate gene for the
development of thewmatoid arthritis. There ave two alternativelw spliced transeripts encoding
different isofors described for this gens.

Proteome Dajor protein; contains
Proline-rich dorains
Locus Type: gene with protein product, function known o infemred
Product: HL&-B assoviated transcript-2 isofora a
HLA B associated transcript-2 isoform b
Altexnate Symbols: @2, DESS1, DESSIE
ias: HLAE associated transcxipt-2
Line-rich protein BAT2
Function Submut GeneRIK AL Fubs: v
Gene Ontology»:
Term Evidence Source Pub
- MEHC-interacting protoin e Protooras pm
Relativustips T
Homology Naps:
HCBI vs. MGD 17 19.04 ¢ Bat2 Hs Mm
TICSC v TAGTY 1719 04 cm 3110N39RNSRik Hs Mm
Map Information T
Chromasome: s o
Cyiogenetic: epul orp
SHoC
Markers: Chr 6 - Ly
34407
Che 7 EHATRIA o
HCBI Raference Sequences Reffac) T
Category: REVIEWED
1. mENA: B U
Protein: NP 004520 HLA-B associated transeript-2 isoform b BL

Transexipt Variant: This wariant (2 utilizes altermative splice sites in the coding
zegion. It lacks 36 bases, as compared to variant L but zaintains the saree reading frame

GenBanh Suwive AF129756
2. mRNA: NIv_DE06s6
Protein: NP 542417 HLA&-B associated transeript-2 isoform a BL
Transexipt Variant: This variant (1} sncodss the full lngth isofom.
GenBanh Svwive: AF129356

Category: NCEI Genome Annotation
Genomic Contig:  NT_007552 ab sv mv ev mm
e Sox this locus:

cusLink Repos soft Inteinet Explorer provided by National Science Foundation
Fle Edi View Favoites Took Help 2
Q. © IR ) | R % @ @ |2 B [J i
Back Stop Refiesh  Home Sesch  Favoites  Meda History Mail Print Discuss
| Addhess (] hitp:/wiw.nbinl rib. gov/LocusLik ALocRipt cgi?=567 :j EJGo | Links >
LocusLink o |
BLAST Qb ure
ocuslink ~|  Display |Briet  ~ Organism; |A
Go| Cloar
Wigw [He B2M ~| One of 1 Loci  Savedl Loci
ABCDEFGH| JKLMNOPQRSTUYWXY Z
" - L =
Click to Display mRNA-Genomic Alignments (spanning
6627 bps)
Gz ioeve [NRRNY x| vowor | oo |
el | ucsc
Homo sapiens Official Gene
Symbol and Name (HGHC)
B2M: beta-2-microglobulin
LocusID: 567
Overview 2
Locus gene with protein product, function
Type: known or inferred
Product:  beta-2-microglabulin
Function  Submit GeneRIF All Pubs 7
Phenotype: Hemodialvsis-related amyloidos
GeneRIF: Gene References into Function:
11676539  « structure in amyloid fibril formation
11914379« basis in developing CD&+ T cell =
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b
ll.

:~J i /»’-‘ A @ e o B = . ] 5

» (=] -
Back Fi Stop Refresh Home Seaich Favoiites Media History Mail Frint Edit Discuss.

| Ackdess [ ] Fip:/ et goviLocusLink LecRpt e 7567

B |k >

S|
GeneRIF: Gene References into Function:
11676539 structure in amyloid fibril formation
11914%79  « basis in developing C03+ T cell
antagonists
12119416« Crystal structure reveals clues to its
amyloidogenic properties
11967567  « Mapping the core of the beta(2)-
microglabulin amyloid fibril by H/D
exchange
11801581 o cleaved form partially attains &
conformation that has amyloidogenic
features
11847272« solution structure determined by (1)H
MNMR. spectroscopy and restrained
rmodeling calculations
11849281  » Signal transduction of beta2m-induced
expression of YCAM-1 and COX-2 in
synovial fibroblasts.
12454016« A& dominant negative mutant of this
protein blocks the extracellular folding
of MHC 1 heavy chain
119437689  » Conformation of beta 2-microglobulin -
Fle Edt Vew Favorles Tooks Hep a
= " ~ == > - »
G - 9 E] \ﬂ al s e @ & * L B . LJ
Back F Stop Refissh  Home Seach  Favortes  Madia History Mail Pl Edt Discuss |
| Address [£] o =] B Go | Liks »

w.nchi nim.nih.gov/LocusLink/LocRpt cgi?i=567

nk Home 2
Gene Ontology™:
Term Evidence Source Pub
+ amyloid protein TAS  GOA pm
. amtg;?n presentation, endogenous IEA — GOA
antig
« antigen processing, endogenoys IEA  GOA
antigen via MHC class [
» MHC class I receptor activit: IEA SOA
Relationships 2
Mouse Homology Maps:
MNCBI vs, MGD 269,00 cM B2m Hs Mm
Map Information 7
Chromosome: 15 my
Cytogenetic:  15921-q922.2 HUGD
Markers: Chr, 15 D155799 0155799 my
518
Ghr: 15 - my
582300
Chr. 15 RH76 my
Chr. 15 562079 my
NCBI Reference 5
Sequences (Ref5eq) i
Category: PROVISIONAL
mRMNA! LM 004048
Protein: MNP 004039 beta-Z-microglobulin BL -
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Aclchess \g i/ waw.ncbi i b gav/HomoloGiene:

HomeloGene

Structure

Overview

HomoloGene is a resource of curated and calculated orthologs for
genes as represented by UniGene or by annotation of genomic
sequences,

Curated orthologs include artholog gene pairs reported in the Mouse
Genome Informatics (MGI) Database at the Jackson Laboratory, the
Zebrafish Information Network (ZFIN) at the University of Qregon, and
in published reports

The calculated homologs are the result of nucleotide sequence
comparisons between each pair of organisms.

For the comparisons, we use EST and mRN4 sequences from UniGene,
as well as transcripts extracted from annotation of genomic sequences
(including gene madels).

The organisms using UniGene sequences Include:
Hordeumn vulgare, COryza sativa, Triticum aestivum, Zea mays, Ciona
intestinalis, Danio rerio, Xanopus laevis, Sus scrofa, Bos taurus.

The organisms using Reference Genome (genomic annotation)
sequences include:

| EdGo | Links »|

Fie Edi View Favores Took Hep
; . - .

G . © X 2] u 7 b @ € ' =

Back Stop  Fiefesh  Home Seach  Favortes  Meda  Histow Mail Fint

Acchess | €] b ncbi nim nin gov/HomoloGGene/ | B

Diseuss

,
lJl

Links >

Calculated Homologies

MegaBLAST with discontiguous word (Zhang et al.) Is used to compare
nucleoticle sequences for each pair of organisms and to identify those
sequences pairs that share the highest degree of nuclectide sequence
similarity,

The best match for a sequence In one organism to a sequence in a
second organism 15 based on the degree of similarity between the two
sequences, with a minimurm alignment of 100 base pairs, The degres of
similarity between two sequences is determined by an alignment score
The alignment score for a sequence pair is the sum of the scores of the
sections of the two sequences which aligned.

Cases where more sequences are available in one organism than
another may result in several seguences In one organism having the
same best match in a second organism, When two sequences are each
other's best match (reciprocal best match), the sequences'
corresponding genes are considered as being putative orthologs.

Results are updated regularly as UniGene databases are updated or new
genome annotations are made public,

The current datasets for the calculated results are available at our FTP

site: ftp://ftp.ncbi.nih.gov/pub/HomoloGene/
Reference

Zhang Z, Schwartz 5, Wagner L, Miller W, 2000, & gresdy algorithm for
aligning DNA sequences. J Comp Biol. 7:203-214.

Reyiaed April 24, 2003

B
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\ y »
Q . 4 B @ | ) r @ € 2 B
Back Stop Refresh Home. Search Favorites Media History Mail Piint Edit Discuss
Address{ €] kit /wan.ncbinin. i gov/HormoloGene/homol cgi?HID=139587 = B o |Liks
HomoloGene

HOMOLOGENE ENTRY _
H.sapiens -B2M bets-2-microglobulin
UniGene | Locuslink | MIM | MapViewer |
MM 004048 1
POSSIBLE HOMOLOGOUS GENES
R.norvegicus -B2m Beta-2-microglobulin
UniGene | Locusl ink | RGD | Mapylewer |
M 0125121

S.scrofa -8s.12348 Sus scrofa beta 2-microglobulin mRNS,
complete cds,
UniGene | L13854.1

B.taurus -B2M beta-2, microglobulin
UniGene | Locusl ink | X69084.1
CALCULATED ORTHOLOGS

Listed below are the nucleotide sequence comparisons used in
determining homology. The pairs below represent reciprocal best hits;
each alignment is the best one for both organisms. The percent ID
below represents identity over an aligned region, When present, red
arrows () point out & group of sequence rmatches which are part of a
triplet, being consistent between more than two organisms.

T e e st Percent |
Fle Edt Vew Favoies Tools Help s
Q . x] 2] f ) ¢ ¢ &£ i s B -
Back. Stop Refresh Home Search Favorites Media History. Mail Print Edit Discuss
tddress [&] htip:#Awww. nebi nim nih gov/HomoloGene homol egi?HID=133687 = Eoo | Liks >
CALCULATED ORTHOLOGS 2l

Listed below are the nucleotide sequence comparisons used in
determining homology. The pairs below represent reciprocal best hits;
each alignment is the best one for both organisms. The percent I
below represents identity over an aligned region, When present, red
arrows () point out a group of sequence matches which are part of a
triplet, being consistent between more than two organisms,

Organism-Gene Organism-Gene PeriBent
»H.sapiens -B2M S.scrofa - 5512348 81.0
»H.sapiens -B2M B.taurus - B2M 80.0
»H.saplens -B2M R.norvegicus - B2m 73.5
ADDITIONAL CALCULATED ORTHOLOGS

»S.scrofa -55.12348 B.taurus - B2M 85.1
»R.norvegicus -B2m S.scrofa - 55,12348 80.3
»R.norvegicus -B2m B.taurus - B2M 76.7

CURATED ORTHOLOGS
Published orthologs as reported in curated databases
H.sapiens -B2M R.norvegicus - B2m

H.sapiens -BzM M.rrusculus - B2m

FURTHER READING

[ Trinh CH, et al.. Crystal structure of monomeric human
beta-2-microglobulin reveals clues to its amyloidogenic
properties. Proc MNatl dcad Sci U S & 99, 9771-9776 (2002).

[ Avet-Loiseau H, et al.. Oncogenesis of multiple myelama;
14q32 and 13q chromosomal abnormalities are not randormly
distributed, but carrelate with natural history, immunological
features, and clinical presentation.Blood 99, 2185-2191 =i
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Human-Mouse Homology Map

m.l,:ln:bivs. myd Master: | Mouse * Chromoseme: |1~ Go

' View as text

M Position  Mouse Symbol Humanchr  Human Symhol Cylogenpos Human STS
1 Meoal b HCOs2 131 sts
3 Dyl b MYELL 222 sts
3 il * b 222 sts
5 JLE b Likcied 221 sts
55 Oprkl b COFRKL 8gll2 sts
65 Rplh b FF1 211913 sts
7 S0x17 b S0X1T Bgl123 sts
7 D X b DDXE3 Hpll3pll2s sts
104 Egal b EVAL 8133

13 Texdl b 3gl3

13 Coldal b COLOAL Bl 2-qld sts
15 Colta] * b COL9AL Byl 2-gld sts
165 Dst b BPAGL 6pllpll sts
173 Ptpnl& 2 b PTPHIZ 143 sts
125 Kiaal376-hyp KI&a03T6 6plll sts
125 Rah23 b RABIZ fpll2-pl23 sts
125 Prir b PRIM2A 6pl2-plll sts
127 Lafd 2 b L&F4 211 212

127 Lot * 2 b L&F4 dgll2g12

195 12 2 b IL1EZ 2012922 sts
105 nirt 2 b ILIRL gl sts
a0 Hpas2 2 b HPAS2 2pll2.ql3 sts
20 justalt 2 b ILIRLL gl sts
05 ZapT0 2 b ZAPTO 212

211 Col3al 2 b COL3AL 231 sts
22 Pouifd * 3 b POUZF3 Ipld2 sts
222 Pouifs 3 b POUI3F3 3pld2 sts
232 Aoxl 2 b ADXL 233 sts
2432 Myolb 2 b MYOIR 212934 sts
259 Gls 2 GL3 o334 sts
59 Statl 2 b STATI 29322 sts
259 Statd 2 b STAT4 232 2323 sts
259 Fls ¥ 2 GLE 23234 sts
266 Erccs b ERCCS 1322 sts
o Habl 2 b HABL 2032 333 sts
27 Tpp2 b TPP2 13q32q33 sts
271 Inppl 4 b INFPP1 e st

NCBI Blast 2 Sequences results

BLAST 2 SEQUENCES RESULTS VERSION BLASTN 2.1.2 [Oc+-19-2000]

Matehfl  Mismateh]1 gpopef®  gap extension: [2
% dropoff: [150  expect:|10.000C wozdsize: [11 Filex [ _Align

Sequence 1 gi 5729557 Hormn sapiens nuclear receptor coactivator 2 (NCOAZ2), RN A Lengih 6156 (1 .. 6156)
Sequence 2 gi 6679023 Mus musculus nuclear recepor coastivator 2 (Mooa), A Lengih 4878 (1 .. 4578)
2

1

NOTE The statistics (bitscore and expect value) is caloulated bassd on the size of ny database

Score = §775 bits (36438}, Expect = 0.0
Tdentities = 4273/4833 (88%], Caps = 28/4833 (03}
Strand = Plus / Plus

Query: o
R R
sbiet 108
query: 38 120
R VOO i [
Sbiect 104 161
Query: 121 180
FUEULEDUETD DD T T T
sbice 162 221
muclear receptor coactivater z 1 m s comoc o E
Quezy: 181 240
R AT
Sbiee: 222 261
nuclear recepror coactivater 7 W TsD PSR AETRETEREKTETCECEDGOQL
query: za1 200

R R R
Ebjer zez 241
nuclear vecepror coastivater 227 G P S P K R S T E K R N R E Q E H K ¥ I




Resources for Genomic
Comparison

2» GLASS-http://plover.lcs.mit.edu
»»PipMaker: http://bio.cse.psu.edu
a»Rosetta: http:// plover.lcs.mit.edu(genes)
2»SGP: htttp://soft.ice.mpg.de/sgp-1
2\/ISTA: http://www-gsd.lbl.gov/VISTA

>\WABA:
http://www.cse.ucsc.edu/~kent/xenoAli/inde

x.html

EFFICIENT TEXT SEARCHING

»Use Wild Cards: #,$,?.*

2> Use Boolean Operators
e Not
¢ And
e Or
e Nor
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WILD CARDS

:»Match one character-NCBI uses #

2»Match zero or one character NCB|
uses $, others ?

2»Match zero or more characters-usually

*

MEDICAL SUBJECT HEADINGS

»CONTROLLED Vocabulary

»»|ndexing of articles, books, etc.

»»Current version has over 300,000
terms

»»Can download list and make your own
assortment
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MeSH Advantages

2»Assigned to the the entire document,
not just title and abstract

2»Maijor topic (*)
»»Subheadings if available

»»MeSH topics are exploded to include
all the terms included in the meaning.

Try it; you may like it.

Other Resources

2»NCBI Education Page

http://www.ncbi.nlm.nih.gov/Education/index.html

»BCM Gene Finder

http://searchlauncher.bcm.tmc.edu/docs/s! links.html

x»EBI-SwissProt, TrEMBL, PIR, SRS,
Tools nttp://www.ebi.ac.uk

»>ExPASy-SwissProt, TrEMBL

http://www.expasy.ch/

2»DISC-DNA Information and Stock
Center http://www.dna.affrc.go.jp
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Final Thoughts

Trust your intuition
Look at all the possibilities

Use all the resources you can

How we develop Prosite patterns!

o { MANDRILL
: gL

bLA-T# Lt CAN -t 4 F=

PLARCT HAK -~ - MA L

i - CA-- [ MAA

Brigitte Aoeckman ~ TBES
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“'Potential’, "Probable’, "By Similarity’ -
They don’t knoyw anything about this protein!”

| Brigite Boscliarir i {85
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